HSV Latency-Associated Transcript and Neuronal Apoptosis
In a study of the latency-associated transcript (LAT ) gene in herpes simplex virus-type 1 (HSV-1), Perng et al. reported that "in rabbit trigeminal ganglia [TGs] , extensive apoptosis occurred with LAT Ϫ virus but not with LAT ϩ viruses," and concluded that the LAT gene "promotes neuronal survival after HSV-1 infection by reducing apoptosis" (1) . That conclusion rested on interpretations of two in situ analyses: (i) immunohistochemical staining for cleaved poly (ADP-ribose) polymerase ( p85 PARP), and (ii) terminal deoxynucleotidyl transferasemediated deoxyuridine triphosphate nick-end labeling (TUNEL) to detect fragmented DNA. Cleavage of PARP by caspases between amino acids 214 and 215 generates an 89-kD protein, in an early and diagnostic event in apoptosis (2). Perng et al. used a commercially available antibody (Anti-PARP p85 fragment pAb kit; Promega, Madison, Wisconsin) shown to be specific for the cleaved form of human and bovine PARP by Western blot analysis. Surprisingly, however, we found no published reports demonstrating that the same antibody is reactive against the cleaved form of PARP in rabbits, and our own Western blot and immunohistochemical analyses ( Fig. 1 ) revealed that the antibody recognizes neither rabbit nor mouse p89 PARP protein.
In our experiments, protein extracts were produced from normal cells and from cells induced to undergo apoptosis [apoptosis was confirmed by characteristic DNA laddering ( Fig. 1 ) and supported by positive TUNEL staining (Fig. 2) ]. The extracts were electrophoresed, electroblotted, and probed with monoclonal antibody C-2-10 (Calbiochem, La Jolla, California), which detects both the intact (116 kD) and cleaved (89 kD) forms of PARP in bovine, human, mouse, rat, monkey, and rabbit cells (3) , and with the Promega Anti-PARP p85 antibody. All protein extracts reacted with C-2-10 to yield bands of the expected sizes, and cleaved PARP was readily detected with C-2-10 in extracts from mouse, rabbit, and human cells undergoing apoptosis. By contrast, only the human cell extracts reacted with Promega Anti-PARP p85 (Fig. 1A) . Likewise, when Anti-PARP p85 was employed for immunohistochemistry, only the apoptotic human cells showed the characteristic intense nuclear staining (Fig. 1B) . As expected, the C-2-10 antibody stained both normal and apoptotic cells. We note that Perng et al. reported cytoplasmic as well as nuclear staining with Anti-PARP p85, whereas cleaved PARP is localized to the nucleus (4 (6) . The subcellular localization of a positive signal resulting from fragmented DNA should be in the nucleus. However, the signal detected by Perng et al. in TG neurons appears to be from the cytoplasm, an unlikely localization for signal originating from fragmented DNA.
We examined TUNEL staining in human, mouse, and rabbit cells induced to undergo apoptosis (Fig. 2 , A to C), as well as in sectioned rabbit TGs treated to serve as a positive control for TUNEL, as suggested by the kit manufacturer ( Immunohistochemical-staining test. Untreated cells (-) or cells induced to undergo apoptosis (ϩ) using staurosporine as described above were rinsed with phosphate-buffered saline solution, fixed with 4% paraformaldehyde, and processed for immunohistochemical detection of PARP using C-2-10 or Anti-PARP p85, as suggested by the manufacturers. Positive signal is seen as a brown precipitate. As in (1)] are reproduced here at several magnifications (Fig. 2, G to I ). In figure 1E of (1), a neuronal nucleus with a prominent nucleolus is visible within a larger bluegreen region (arrow in Fig. 2G ). Figure 1F of (1), which shows a positive TUNEL signal over the entire blue-green area of several neurons (Fig. 2H) , apparently appears in (1) at a magnification approximately 30% smaller than that of two other panels from the same experiment (7 ) . When the figure is enlarged to a similar magnification (Fig. 2I) , the brown precipitate detected in the neurons looks primarily cytoplasmic, with what appears to be the nucleus (arrow in Fig. 2I ) largely devoid of signal.
In summary, the antibody employed by Perng et al. (1) Response: Thompson and Sawtell report that the Promega Anti-PARP p85 antibody did not recognize cleaved PARP in mouse or rabbit cells in their experiments, and conclude that the results reported with this antibody by Perng et al. (1) are an artifact. The Promega antibody was generated against a peptide based on the sequence of human p85. Although the corresponding bovine sequence differs by two amino acids, the antibody reacts with both human and bovine p85 (2) . The mouse and rat sequences for this region of p85 differ from the human sequence by a single amino acid that corresponds to one of the bovine amino acid differences. External testers have successfully stained mouse and rat p85 using Promega Anti-PARP p85 (2). Thus, the negative mouse results reported by Thompson and Sawtell are surprising, and call into question the validity of their negative rabbit results.
Extracts that we prepared ( Fig. 1 ) from rabbit skin cells induced to undergo apoptosis by staurosporin (lane RS-S) contained a band of approximately 85 kD that was recognized by Anti-PARP p85, and that comigrated with the p85 band induced in human Jurkat cells by staurosporin (lane Jurkat-S) or anti-Fas antibody (lane Jurkat-F). Clearly, then, the Promega antibody recognizes the rabbit cleaved PARP p85 protein, and the argument to the contrary by Thompson and Sawtell has no merit. Their negative mouse and rabbit results apparently stemmed from technical problems, a bad batch of antibody, or some other unknown factor.
Thompson and Sawtell also contend that the Perng et al. results are incorrect because immunohistochemical tests of some neurons showed p85 staining in both the cytoplasm and the nucleus, whereas cleaved PARP should be found only in the nucleus. However, the proteolytic cleavage product of PARP has been detected immunocytochemically and confirmed by Western analysis both in the nuclei and in the cytoplasm of cells in a human osteosarcoma cell line that has under- were obtained at necropsy, drop-fixed in 4% paraformaldehyde, and processed as a positive control for TUNEL as described by the manufacturer (Promega). Magnifications are similar to those described for figure 1 of (1). Positive signal is seen as a brown precipitate confined to the nucleus. Right panels: Details from figure 1 of (1). (G) Figure 1E of (1) shows area interpreted as neuronal nucleus with prominent nucleolus (arrow) within larger blue-green area interpreted as cytoplasm. (H) Figure 1F of (1), at original magnification. Brown dots are TUNEL-positive regions. (I) Figure 1F of (1), at increased magnification. TUNEL-positive areas appear to be largely confined to area interpreted as cytoplasm, with little signal in area interpreted as nucleus (arrow).
gone apoptosis in culture (3). Cytoplasmic staining for PARP has also been reported in groups of neurons in the human central nervous system (4 ). Thus, contrary to the assertion by Thompson and Sawtell, cleaved PARP can be found both in the cytoplasm and the nucleus during apoptosis.
In a similar vein, Thompson and Sawtell argue that DNA fragmentation indicated by TUNEL staining should be limited to the nucleus. A number of lines of evidence, however, strongly suggest that fragmented DNA and TUNEL staining can occur in the cytoplasm as well. In primary human keratinocytes and also in other cells undergoing apoptosis, cleaved DNA is extruded into the medium (5); the cleaved DNA obviously must pass through the cytoplasm to get out of the cell. In apoptotic cells in the developing retina of rabbits, rats, and cats, TUNEL staining labeled the cytoplasm (6 ), an indication that DNA fragments spread into the cytoplasm of the dying cell. In brains of Creutzfeldt-Jakob disease victims, nuclear DNA leakage produced positive TUNEL staining in the cytoplasm of some cells (7 ) . TGs of newborn rats injected with capsaicin to induce apoptosis and DNA fragmentation showed a TUNEL signal that had spread from the neuronal nucleus to the cytoplasm (8) . The instructions in the commercially available kit Cell Death Detection ELISA (Cat. No. 1 544 675, Roche, Mannheim, Germany), which detects apoptosis based on the presence of cytoplasmic histone-associated DNA fragments, state that "enrichment of mono-and oligonucleosomes in the cytoplasm of the apoptotic cell is due to the fact that DNA degradation occurs several hours before plasma membrane breakdown." Finally, HSV-1, the subject of the Perng et al. (1) study, buds through the nuclear membrane, a situation that may make the nuclear membrane more susceptible to leakage of fragmented DNA.
In the TUNEL controls of Thompson and Sawtell (their figure 2, D to F), none of the digested DNA moved out of the nucleus, because these cells were fixed before deoxyribonuclease (DNase) treatment. In contrast, when the DNA is fragmented in live cells undergoing apoptosis, small DNA fragments can exit the nucleus and be stained in the cytoplasm. (The DNase control is intended to show that the kit reagents are functioning properly; it is not meant as a positive control for all biological situations.) Moreover, although in some neurons shown in (1) TUNEL signal appeared in both the nucleus and the cytoplasm, in other samples not shown in (1) TUNEL staining was unequivocally detected only in the nucleus (Fig. 2, solid arrows). Both situations are consistent with the literature.
In summary, Thompson and Sawtell present no convincing evidence against the finding in (1) that LAT is an anti-apoptosis gene. The results presented here clearly show that Anti-PARP p85 recognizes rabbit p85; the data in the comment on the Promega antibody's lack of reactivity with mouse p85 disagrees with the statements of the kit manufacturer; the assumptions in the comment regarding the amino acid sequence against which the p85 antibody was made are incorrect; and both PARP and TUNEL staining have been previously reported in both the nuclei and the cytoplasm of apoptotic cells. 
